
6.0LessonPlan

•DiscussQuizzes/AnswerQuestions

•Correlation

•Causation

•Regression
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6.1MoreAboutCorrelation

Correlationcoefficientrmeasuresthestrengthofthelinearassociation

betweenXandYvaluesinascatterplot.

•rliesbetween-1and1,inclusive.

•requals1iffallpointslieonalinewithpositiveslope.

•requals-1iffallpointslieonalinewithnegativeslope.

•non-zerordoesnotimplyacausalrelationship.
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Someexamplesofscatterplots.

.
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6.2Causation

CorrelationsareoftenhighwhensomefactoraffectsbothXandY.

•GPAandSATscoresarebothaffectedbyIQ.

•numberofhoursspentlisteningtoRobZombieandGPAareboth

affectedbylifestyle.

Soitishardtoarguethatcorrelationimpliescausation.GPAdoesnot

causeSAT,andRobZombiedoesnothurtGPA.

Butsometimes,theremightbeacausallink.Hoursofstudyisprobably

correlatedwithGPA,anditseemslikelytobecausal.
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EcologicalcorrelationsoccurwhenXorYorbothisanaverageora

percentageforagroup.Herecausationisespeciallydifficulttoshow.

Theoriginallinkbetweensmokingandlungcancerwasanecological

correlation(Doll,1955).Thescatterplotshowedthelungcancerrate

againsttheproportionofsmokersfor11differentcountries.

Whatkindsofcounfoundingfactorsdidthetobaccolobbysuggest?
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AstudyshowedthatcantonsinSwitzerlandthathadhighliteracyrates

alsohadhighsuiciderates.

Isthisanecologicalcorrelation?Whatmightbegoingon?

SupposeoneplottedGPAagainstSATscoreforasetofindividuals.

Wouldthisbeanecologicalcorrelation?

Whatdoesaplotofthebreastcancerrateagainstpercapitafat

consumptionforvariouscountrieslooklike,andwhatconclusionshould

onedraw?
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6.3Regression

Regressionterminology:

•TheresponsevariableislabelledY.Thisissometimescalledthe

dependentvariable.

•TheexplanatoryvariableislabelledX.Thisissometimescalledthe

independentvariable,orthecovariate.

Inmultipleregressiontherearemorethanonekindofexplanatory

variable.Forexample,onemighttrytopredictone’sgradeinstatistics

usingbothhighschoolGPAandIQ.
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Regressiontriestofitthe“best”straightlinetothedata.Specifically,it

fitsthelinethatminimizesthesumofthesquareddeviationsfromeach

pointtotheline,wheredeviationismeasuredintheverticaldirection.

Note:Thisdoesnotmeasuredeviationastheperpendiculardistance

fromthepointtotheline.

.
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Themathematicalmodelforregressionassumesthat:

1.Eachpoint(Xi,Yi)inthescatterplotsatisfies:

Yi=a+bXi+εi

wheretheεihaveanormaldistributionwithmeanzeroand

(usually)unknownstandarddeviation.

2.Theerrorsεihavenothingtodowithoneanother.Alargeerrordoes

nottendtobefollowedbyanotherlargeerror,forexample.

3.TheXivaluesaremeasuredwithouterror.(Thusalltheerror

occursintheverticaldirection,andwedonotneedtominimize

perpendiculardistancetotheline.)
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Howdoesonefindtheestimatesâandhatbofthecoefficientsinthe

regressionequation?Weneedtogetthevaluesthatminimizethesumof

thesquaredverticaldistance.

Thesumofthesquaredverticaldistancesis

f(a,b)=
n

∑

i=1

[Yi−(a+bXi)]
2
.

Sotakethederivativeoff(a,b)withrespecttoaandb,settheseequal

tozero,andsolve.Onefindsthat:

â=Ȳ−b̂X̄;b̂=

∑n

i=1XiYi−X̄Ȳ
∑n

i=1X
2

i
−X̄

2.
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